Introduction {#s1}
============

Considerable evidence has indicated that hemodialysis patients are often accompanied by lipid metabolism disorders, cardiovascular complications in patients with one of the important factors \[[@R01]-[@R05]\]. However, the etiology and underlying mechanism are not entirely clear. It may be related to renal dysfunction, dialysis adequacy, the type of dialysis membrane and uremia basic diseases, genetic and other factors \[[@R06]-[@R9]\]. Apolipoprotein E (ApoE) is an important component of very low-density lipoprotein (VLDL), high-density lipoprotein (HDL) and chylomicrons, which may play an important role in lipid metabolism \[[@R10]-[@R12]\]. Recently, an interesting study demonstrated that triacylglycerol (TAG) hydrolysis mediated by lipoprotein lipase in VLDL is accompanied by the release of surface material containing phospholipids, free cholesterol and ApoE and ApoCs (CII and CIII). The released molecules are accepted by HDL, and new HDL-sized ApoE-containing particles are also generated. A decrease in the number of HDL particles or abnormalities in their structure is associated with unfavourable changes in the features of VLDL remnants \[[@R11]\].

Its genetic polymorphism is an important genetic factor affecting lipid metabolism. As a matter of fact, approximately 14-17% variation of plasma cholesterol concentration can be associated with genetic polymorphism \[[@R13]-[@R16]\].

In a study reported by Echeverria et al, they performed a cross-sectional study to investigate the impact of 13 polymorphisms of nine genes affecting lipid metabolism. Polymorphisms were identified in the selected genes for their role in the development of atherogenic dyslipidemia including triglycerides and HDL \[[@R17]\]. At present, more and more studies on the relationship between ApoE gene polymorphism and lipid metabolism are being conducted in patients with cardiovascular and cerebrovascular diseases. Dyslipidemia plays a major role determining the epidemic cardiovascular burden attributed to the metabolic syndrome. ApoE is involved on cholesterol and triglycerides metabolism regulation. If ApoE polymorphism influences lipid metabolism, it may bring on induced susceptibility to the development of metabolic syndrome and cardiovascular disease \[[@R18]-[@R20]\].

However, the effect of ApoE gene polymorphism on lipid metabolism in hemodialysis patients has not been reported in China. In this study, polymerase chain reaction-restriction fragment length (PCR-RFLP) was used to detect the polymorphism of ApoE gene in hemodialysis patients and explore the effect of ApoE gene polymorphism on lipid metabolism in hemodialysis patients.

Materials and Methods {#s2}
=====================

Research objects {#s2a}
----------------

### Case group {#s2a1}

A total of 112 patients with hemodialysis (58 males and 54 females) were included in this study, and the median age was 51 ± 11 years. Dialysis time was 2 - 21 years, an average of 6.1 ± 3.7 years. The primary disease was 86 cases of chronic glomerulonephritis, four cases of polycystic kidney disease, two cases of chronic pyelonephritis, two cases of chronic interstitial nephritis, two cases of systemic lupus erythematosus, and 16 cases of unknown causes. Hemodialysis was performed 12 h per week, by using arteriovenous fistula and acetate fiber membrane dialyzer. Anticoagulation with heparin sodium was applied *in vitro*, and blood flow was 200 - 250 mL/min. Bicarbonate dialysate was used, and dialysis fluid flow was approximately 500 mL/min. Patients did not take lipid-lowering drugs within 3 months, but those patients who had diabetes, liver dysfunction or were taking β-blockers were excluded.

### Control group {#s2a2}

A total of 372 healthy subjects (212 males and 160 females) were included, with a median age of 41 ± 8 years.

Research methods {#s2b}
----------------

### Blood lipid detection methods {#s2b1}

Total cholesterol (TC) and triglyceride (TG) were measured with enzymatic assay (British RANDOX Company). High-density lipoprotein cholesterol (HDLC) and low-density lipoprotein cholesterol (LDLC) were using direct method (Germany Bao Ling Man products). ApoA1, ApoB, ApoE, and Lp(a) were tested using immunoturbidimetry (provided by WAKO Co., Ltd, Japan).

### Routine tests {#s2b2}

Electrocardiogram, X-ray, blood tests, liver function, plasma protein, serum creatinine, urea nitrogen, and uric acid were determined before and after dialysis, and the KT/V value was calculated.

### Cardiovascular check-up {#s2b3}

The diagnosis of high blood pressure, ischemic heart disease, and cardiac insufficiency was made with reference to the related literature \[[@R9]\]. Cardiac enlargement was diagnosed based on the dry weight increase of greater than 50% on the chest X-ray radiograph at three times of measurement; cerebrovascular disease diagnosis was confirmed according to clinical manifestations in combination with CT examination.

### ApoE gene polymorphism {#s2b4}

By use of multi-PCR-RFLP analysis, the detailed procedures were described as follows. Primer design: the upstream sequence was 5′-AACAACTGACCCCGGTGGGG-3′, the downstream sequence was 5′-ATAA AT ATAAAATATAAATAATGGCGCTGAGGCCGCGCTC-3′, the length of the amplified product was 312 bp, and the length of the product fragment was 91, 83, 72, 61, 48, and 35 bp, respectively.

### Extraction of genomic DNA {#s2b5}

Rapid extraction and purification method of genomic DNA derived from small amounts of blood were performed according to the instructions provided by the Huashun products.

### PCR {#s2b6}

The 10 × buffer 2.5 µL, 25 mM magnesium chloride 2 µL, dNTP 200 µM, Taq DNA polymerase 1 U, primer 1 pmmol/µL, template DNA 1 µg, water added to 25 µL. PCR procedure was 95 °C pre-denaturation for 4 min into the cycle, with each cycle at 94 °C degeneration for 40 s, 60 °C refolding for 1 min, 70 °C extension for 3 min, a total of 35 cycles, the last 70 °C heat for 7 min terminate the reaction. The amplified product 5 µL was identified by 1.2% agarose gel electrophoresis.

### ApoE gene polymorphism analysis {#s2b7}

Successful product 20 µL was amplified by adding 10 × buffer 2 µL, calf serum 0.2 µL, endonuclease HhaI5u, 65 °C warm bath for 4 h, 3 µL of the digested product, 3 h of polyacrylamide gel electrophoresis (voltage 150 V), and silver nitrate staining was performed to record the results by taking images ([Fig. 1](#F1){ref-type="fig"}).

![Electrophoresis results of the enzyme and the cleavage products. 1: PCR product (312 bp); 2: genotype ε3/4 (91, 72, 61, and 48 bp); 3: marker; 4: ε2/4 (91, 83, 72, 61, and 48 bp) (91, 61, and 48 bp); 5: ε2/3 (91, 83, 61, and 48 bp); 6: ε4/4 (72, 61, and 48 bp); 7: ε3/3 (91, 61, and 48 bp); 8: marker; 9: ε2/2 (91, 83, and 61 bp).](jocmr-09-695-g001){#F1}

### Statistical analysis {#s2b8}

The number of groups between the use of *t*-test or analysis of variance, composition than with the Chi-square test, correlation analysis using Spearman rank correlation analysis.

Results {#s3}
=======

General characteristics of lipid metabolism in patients with hemodialysis {#s3a}
-------------------------------------------------------------------------

The main performance of TG and ApoB levels was significantly increased, and HDLC and other indicators were significantly reduced ([Table 1](#T1){ref-type="table"}). According to the criteria of normal values made by our hospital laboratory, 37 cases (33%) of the patients who received hemodialysis had higher TG levels than the normal upper limit (1.7 mmol/L), and 10 cases (9.4%) had higher levels of ApoB than normal upper limit (300 mg/dL), whereas HDLC levels were found lower than the normal lower limit (0.85 mM) in 11 cases (10.4%). TC levels of all patients were in the normal range or below normal.

###### Comparisons of Blood Lipid Levels Between the Control Group and the Hemodialysis Group, the Hemodialysis Patients With Hypertension and the Normal Blood Pressure Group, and the Cardiovascular Disease Group and the Non-Cardiovascular Disease Group

                 Control       Hemodialysis      Hypertension   Normal BP     CVD                 No CVD
  -------------- ------------- ----------------- -------------- ------------- ------------------- -------------
  TC (mM)        4.61 ± 0.35   3.70 ± 0.78\*\*   3.78 ± 0.68    3.84 ± 0.92   3.70 ± 0.83         3.68 ± 0.81
  TG (mM)        1.23 ± 0.82   1.56 ± 0.65\*\*   1.44 ± 0.63    1.56 ± 0.53   1.65 ± 0.71\*\*\*   1.33 ± 0.39
  HDLC (mM)      1.37 ± 0.29   1.03 ± 0.21\*\*   1.04 ± 0.22    1.05 ± 0.24   1.03 ± 0.21         0.98 ± 0.23
  LDLC (mM)      2.42 ± 0.66   2.02 ± 0.61\*\*   2.10 ± 0.56    2.09 ± 0.69   2.02 ± 0.60         2.10 ± 0.70
  ApoA1 (g/L)    1.20 ± 0.17   1.12 ± 0.23\*\*   1.12 ± 0.23    1.17 ± 0.27   1.11 ± 0.23         1.07 ± 0.23
  ApoB (g/L)     0.98 ± 0.27   1.33 ± 0.93\*     0.93 ± 0.20    0.94 ± 0.18   0.93 ± 0.20         0.94 ± 0.21
  ApoE (mg/L)    50 ± 9        45 ± 12\*         43 ± 11        46 ± 12       44 ± 11             43 ± 8
  Lp(a) (mg/L)   333 ± 214     221 ± 149\*\*     186 ± 141      202 ± 116     217 ± 160           196 ± 102

Compared with the control group: \*P \< 0.05, \*\*P \< 0.01; compared with non-cardiovascular disease group: \*\*\*P \< 0.05. CVD: cardiovascular disease.

Factors related to blood lipid levels in hemodialysis patients were analyzed by Spearman rank correlation {#s3b}
---------------------------------------------------------------------------------------------------------

TG, HDLC, sex, age, height, body weight, body mass index, KT/V, serum albumin, *ex vivo* blood flow during hemodialysis and correlation with serum creatinine, urea nitrogen and uric acid levels before and after dialysis were recorded during the study. The results showed that TG was significantly correlated with serum albumin level and extracorporeal circulation blood flow during dialysis, and the correlation coefficients were -0.367\*\* and -0.202\*, respectively. HDLC was significantly associated with KT/V, gender (one for males and two for females), and the correlation coefficients were 0.302\*\* and 0.364\*\*, respectively (\*P \< 0.05 and \*\*P \< 0.01); however, the level of HDLC in male patients was significantly lower than that in females.

With high blood pressure and cardiovascular disease in patients with hemodialysis lipid metabolism {#s3c}
--------------------------------------------------------------------------------------------------

### Hemodialysis patients with high blood pressure and cardiovascular disease {#s3c1}

The incidence of hypertension was 73.6% (78/106) and cardiovascular disease was 25% (26/104), of which six cases had ischemic heart disease; heart failure was found in five cases; 21 cases were found to have cardiac enlargement, and cerebrovascular accident occurred in three cases. There was no significant difference in the level of blood lipid between hypertensive group and non-hypertensive group, and the level of TG in cardiovascular disease group was significantly higher than that in the group without cardiovascular disease ([Table 1](#T1){ref-type="table"}).

### ApoE genotype and allele frequency {#s3c2}

This study found that all six genotypes of ApoE, genotype ε3/3 and allele ε3 had the highest frequency, as shown in [Table 2](#T2){ref-type="table"}.

###### Distribution of ApoE Genotype and the Allele Frequency

                       ApoE genotype distribution   Allele frequency                                       
  -------------------- ---------------------------- ------------------ --- ------ ----- ----- ----- ------ -----
  Hemodialysis group   3                            15                 0   76     9     2                  
  Frequency (%)        2.9                          14.5               0   73.3   8.6   1.9   6.2   89.2   4.5

### ApoE gene polymorphism and blood lipid levels {#s3c3}

In order to study the pure effects of alleles ε2 and ε4 on blood lipids, ε2/4 type was removed and divided into three groups according to different genotypes: ε2/2 + ε2/3, ε3/3, and Ε3/4 + ε4/4. The results showed that the levels of TC, TG and LDLC in ApoE genotype ε3/4 + ε4/4 were significantly higher in hemodialysis group ([Table 3](#T3){ref-type="table"}).

###### Comparison of Blood Lipid Levels in Different ApoE Genotypes in Hemodialysis Patients

          ε2/2 + ε2/3    ε3/3          ε3/4 + ε4/4   P
  ------- -------------- ------------- ------------- -------
  TC      3.61 ± 0.60    3.84 ± 0.54   4.33 ± 0.68   0.046
  TG      1..33 ± 0.68   1.64 ± 0.52   2.12 ± 0.80   0.008
  HDLC    1.08 ± 0.13    1.00 ± 0.19   1.26 ± 0.22   0.051
  LDLC    1.87 ± 0.70    2.16 ± 0.68   2.34 ± 0.74   0.022
  ApoA1   1.11 ± 0.16    1.09 ± 0.24   1.39 ± 0.32   0.090
  ApoB    0.85 ± 0.34    0.93 ± 0.24   0.92 ± 0.24   0.662
  ApoE    49 ± 23        38 ± 10       46 ± 7        0.018
  Lp(a)   337 ± 165      207 ± 144     266 ± 5       0.070

Discussion {#s4}
==========

In this study, TG and ApoB were significantly increased in patients with hemodialysis, while TC and HDLC were significantly decreased. TG levels were associated with serum albumin and decreased blood circulation during dialysis. The decrease of HDLC level was related to dialysis insufficiency and gender, and male patients were more significant. The mechanism of lipid metabolism disorder in hemodialysis patients is not yet clear. Elevated levels of TG and ApoB may be due to increased TG-rich lipoprotein production in chronic renal insufficiency, reduced degradation, decreased activity of liver TG and lipoprotein lipase \[[@R21], [@R22]\], and decreased serum albumin at the feedback caused by increased liver lipoprotein production. This study shows that hemodialysis extracorporal blood circulation can significantly affect the level of TG. The mechanism may be due to the increase of dialysis permeability when large volume of extracorporal blood circulation was performed, in which more lipoproteins and other large and medium molecular substances, lipoprotein lipase inhibitors and ApoC III clearance can be removed, meanwhile lipoprotein lipase activity was increased. Serum cholesterol levels were mainly due to reduction of lipoprotein synthesis in the liver and intestinal tract \[[@R22]\]. Decrease of HDLC levels is mainly related to inadequate dialysis and malnutrition. It has been reported that 50-70% of hemodialysis patients had increased plasma Lp(a) levels, higher than 0.3 g/L, inconsistent with the results of this article \[[@R08], [@R23]\], perhaps due to different conditions, different ways, different time to start doing hemodialysis and treatment course, and all the above factors can affect the metabolism of Lp(a) \[[@R22]\]; Lp(a) level was increased significantly in diabetic patients; however, it was found irrelevant to diabetes in this study. In addition, variability of Lp(a) levels is huge dependent on the size of samples. If the number of samples is quite small, it tends to have a greater impact on the observed results. It has been reported that the incidence of hypertension was as high as 50-90% in hemodialysis patients, whereas the incidence of cardiovascular disease was 30-50% \[[@R06], [@R08]\]. In our study, the incidence of hypertension in hemodialysis patients was 73.6%, and the incidence of cardiovascular disease was 25%. Interestingly, TG levels in serum were significantly associated with cardiovascular disease.

ApoE has three isomers (E2, E3, and E4), encoded by the three alleles ε2, ε3, and ε4 on chromosome 19, respectively. *In vitro* studies have shown that the binding capacity of E2 with its receptor is low, leading to the delay of degradation of the chylomicrons in blood and VLDL residue catabolism, the reduction of intermediate density lipoprotein to LDL conversion, the increase of intermediate density lipoprotein, and the decrease of LDL concentration. The net effect of E2 results in an increase of TG and a decrease of cholesterol, while the effect of E4 is just on the opposite \[[@R9]\]. But in fact, the mechanisms that ApoE involved in lipid metabolism and atherosclerosis may be very complex. Clinical and animal experimental studies have come to the inconsistent results. Dallongeville et al reported that the TG levels of alleles ε2, ε4 carriers were higher than those of E3 carriers \[[@R14]\]. Animal experiments show that ApoE-deficient animals can cause severe lipid metabolism disorders and atherosclerosis, which can be improved by transgenic treatment \[[@R24]\]. In this study, the levels of TC, TG and LDLC in the control group and hemodialysis group were increased in the order of ε2/2 + ε2/3, ε3/3, and ε3/4 + ε4/4, which was not consistent with some reported results. It is reported that the effect of ApoE genotype ε on TG level is quite different. The consensus is that the level of TG in the normal human and coronary heart disease patients is higher in the allele ε2 carriers than that in ε3 carriers. On the other hand, TG level of the allele ε4 carriers either higher or lower than that of the allele ε3 carriers was obtained in previous studies \[[@R07]\].

These results showed that ApoE genotype had different effects on the blood lipid level of different people. In this study, hemodialysis patients and normal people carrying allele ε4 were prone to hyperlipidemia, yet the mechanisms need to be investigated in future studies.
